INTRODUCTION
============

Advances in medicine have increased the use of mechanical ventilation in intensive care units (ICUs). Lung-protective ventilation has been credited with the recent decline in mortality from acute lung injury/acute respiratory distress syndrome (ALI/ARDS) ([@B1]-[@B2]).

Although some information exists on mechanical ventilation and related issues, limited data are available from Asian countries ([@B4]-[@B6]). The prevalence of specific diseases varies from country to country; for example, the prevalence of tuberculosis is higher in Asian countries. Because of these differences, the initiation of mechanical ventilation can vary from country to country.

Epidemiologic and environmental factors in the ICU are important to critical care because they can affect care and mortality. For example, the association between hospital volume and patient outcome has been clearly established for some medical and surgical units ([@B7], [@B8]). In addition, the availability of intensivists in the ICU can reduce mortality and improve patient outcome ([@B9]-[@B12]).

The aim of this study was to evaluate the indications for mechanical ventilation in the ICU, the characteristics of patients receiving mechanical ventilation, and the use of available ventilator modes, airway management, and weaning methods. The second aim of this study was to conduct a survey of ICU staff to determine the characteristics of ICUs.

MATERIALS AND METHODS
=====================

A prospective multicenter study was conducted in Korea on March 25, 2003. The study was performed at 11:00 a.m. and involved 35 ICUs, including 18 medical ICUs, 8 medicosurgical ICUs, 4 surgical ICUs, 3 coronary care units, and 2 neurological ICUs. A private KOrean Study group on REspiratory Failure (KOSREF), consisting of ICU doctors, participated in the study. Most members of KOSREF worked in the pulmonary or anesthesia departments of tertiary or university-affiliated hospitals. Those who were interested in studying and researching critical care participated of their own accord. Pediatric ICUs and postoperative recovery areas were excluded. The study was approved by each hospital\'s institutional review board.

Data collection
---------------

The study was confined to patients who were receiving mechanical ventilation, undergoing a spontaneous breathing trial, or who had been extubated within the 24 hr prior to 11:00 a.m. on the study date. Information on each hospital, each ICU, and the patients receiving ventilator support or weaning were collected on data sheets. Data sheets and physician questionnaires were mailed to KOSREF members before the study date.

### Demographic data

The data collector recorded each patient\'s sex, age, predicted body weight (PBD), date of admission to the ICU, APACHE II score at the time of admission, date of mechanical ventilation initiation, and mode of airway access. If a patient had undergone a tracheostomy, the date of the procedure was noted.

### Ventilator data

Indications for the initiation of mechanical ventilation were selected from the following predefined categories, as derived from the literature ([@B4], [@B6], [@B13]): 1) Acute exacerbation of chronic respiratory failure (CRF) referred to obstructive or restrictive lung disease requiring mechanical ventilation because of infection, bronchospasm, heart failure, or an acute episode. Tuberculosis-destroyed lung (TDL) referred to destroyed lung parenchyma using pulmonary radiology and a history of present or past tuberculosis ([@B13]). 2) The term \'coma\' was used in reference to patients who required mechanical ventilation owing to the loss of consciousness, secondary to organic or metabolic conditions. 3) Neuromuscular disease was used in reference to patients who required mechanical ventilation owing to impairment of the peripheral nerves, myoneural junction or muscle mass. 4) Acute respiratory failure was used in reference to patients without preexisting obstructive or restrictive lung disease who required mechanical ventilation because of respiratory failure. If a patient had multiple indications for mechanical ventilation, the attending staff indicated the dominant reason.

Patients with acute respiratory failure (ARF) were subdivided into groups, according to ARDS ([@B1]), postoperative state, acute pulmonary edema/congestive heart failure, aspiration, pneumonia, sepsis/septic shock ([@B14]), and trauma ([@B4]).

The data collector recorded the mechanical ventilation mode and settings at the time of the study. Weaning was defined on the basis of the attending staff\'s judgment and the method of weaning was recorded.

### Physician questionnaire on ICU status

We developed a questionnaire to determine if ICUs are equipped with enough staff and medical instruments to properly care for patients. On the day of the study, each participating staff member in the ICU completed the questionnaire. The survey provided information about the ICU and the hospital, including the number of beds, the number of patients currently in the ICU, the number of patients receiving mechanical ventilation at the time, and the respective ratios of patients to staff, residents, and nurses. The survey also determined, the approximate number of patients of the department each participant worked in that the staff, residents, and nurses were caring for at the time of the study, whether an intensivist was included among the ICU staff, whether the participant thought the numbers of doctors and nurses were sufficient to care for the patients in the ICU, whether the participant thought ICR doctors and nurses needed additional educational programs on clinical practice, whether the participant had ever encountered a shortage of mechanical ventilators and patient monitors, whether the participant thought the medical instruments in the ICU were outdated, whether the ICU possessed an arterial blood gas analysis (ABG) machine, whether the ICU staff could check portable chest radiography within 10 min, and whether the surgeons cooperate immediately when they are asked to perform a tracheostomy or a tube thoracostomy.

Statistical analyses
--------------------

Results were expressed as means±standard deviations. Statistical analyses were performed using SPSS 12.0 (SPSS Inc., Chicago, IL, U.S.A.). One-way analysis of variance (ANOVA) tests and *post hoc* multiple comparisons using Tukey\'s method were used to measure differences among the categories for initiation of mechanical ventilation. Differences were considered significant if the *p* value was less than 0.05.

RESULTS
=======

Demographic data
----------------

The study comprised 619 ICU beds, which were occupied by 559 patients at the time of the study. This study included 223 patients (40%) who were receiving (177 patients) or had been weaned off (T-piece trial 22 patients, extubated 24 patients) mechanical ventilation at the time of the study. Characteristics of the patients and participating hospitals are summarized in [Table 1](#T1){ref-type="table"}.

Among 216 patients studied, 66% received mechanical ventilation because of acute respiratory failure. These data did not include the seven patients who cited more than one reason for mechanical ventilation. Pneumonia was the most common indication of mechanical ventilation. An acute exacerbation of chronic respiratory failure was the precipitating cause of mechanical ventilation in 33 (15%) patients. COPD and TDL accounted for 7% and 5% of acute exacerbation of chronic respiratory failure, respectively ([Table 2](#T2){ref-type="table"}). In patients with CRF, age and APACHE II score were older and higher than those in patients with comas ([Table 3](#T3){ref-type="table"}).

Artificial airway
-----------------

Delivery of mechanical ventilation was performed using an endotracheal tube in 68% of patients, a tracheostomy in 28%, and a facial/nasal mask with noninvasive ventilation (NIV) in 4%. NIV was used in two centers. In patients receiving mechanical ventilation through endotracheal tubes, 128 (98%) were passed through the mouth and two (2%) through the nose. In patients who had undergone tracheostomy, the procedure had been performed an average of 16.9±8.1 days after intubation. The time between intubation and tracheostomy did not vary based on the underlying condition ([Table 3](#T3){ref-type="table"}).

Ventilator modes and settings
-----------------------------

In patients receiving mechanical ventilation, 51 (29%) received volume control ventilation (VCV) and 33 (19%) received pressure control ventilation (PCV). In 26 (15%), 33 (19%), and 25 (14%) patients, synchronized intermittent mandatory ventilation (SIMV), pressure support (PSV), or a combination of the two procedures were used, respectively. Nine patients (5%) received mechanical ventilation via other modes.

In patients receiving mechanical ventilation, the tidal volume was set to 8.1±2.1 mL/kg of the predicted body weight (PBW). Tidal volume varied according to underlying conditions ([Table 3](#T3){ref-type="table"}). The mean body weight was 58.6±9.6 kg. The mean positive end-expiratory pressure (PEEP) was 5.0±3.8 cm H~2~O and was employed in 78.6% of the ventilated patients. In those patients, a PEEP of 1-5 cm H~2~O was used in 39.2% of patients, while a PEEP of 6-10 cm H~2~O was used in 28.9% of patients and a PEEP greater than 10 cm H~2~O was used in 10.4% of patients. PEEP was higher in patients with acute respiratory failure than in patients with acute exacerbations of chronic respiratory failure ([Table 3](#T3){ref-type="table"}).

In all, 99 of 223 patients (44%), including 24 patients who were extubated within 24 hr, were in a weaning phase at the time of the study. Among the 75 patients undergoing weaning, PSV was used in 31 patients (41%) and T-piece trial was used in 22 (29%). A combination of SIMV and PSV was used in 11 (15%) patients, while SIMV was used in 6 (8%) and continuous positive airway pressure (CPAP) was used in 5 (7%).

ICU characteristics
-------------------

The survey response rate was 100%. The mean number of beds in the 24 participating hospitals was 866±399. The percentage of beds devoted to the ICU was 7±2%. The patient to staff ratio was 16.0±8.3, the patient to nurse ratio was 2.4±0.4, and the patient to resident ratio was 11.1±6.4. Most of the staff (79%) stated that the number of doctors working in the ICU was insufficient. Of the survey participants, 29% worked full-time in the ICU. A third of the ICU staff (32%) worked in the Department of Pulmonology, 18% worked in the Department of Anesthesiology and 50% worked in other departments.

Most of the staff (62%) and 42% of the nurses stated that they needed additional training in regard to clinical practice in the ICU. Most of the staff (83%) stated that there was a sufficient number of mechanical ventilators, and 79% of the staff felt that there was a sufficient number of patient monitors in the ICU. Seventy five percent of the staff stated that the medical instruments in the ICU were not out of date. An ABG machine was present in 33% of the ICUs. Fewer than half (42%) of the staff stated that they could check portable chest radiography within 10 min. Likewise, fewer than half (46%) felt that the ICU surgeons cooperated immediately when they were asked to do tracheostomy or a tube thoracostomy.

DISCUSSION
==========

In this 1-D point-prevalence multicenter study of ICUs, pneumonia was the most common indication of mechanical ventilation, and COPD and TDL were common causes of acute exacerbation of chronic respiratory failure. Nasotracheal intubation and NIV were seldom used and tracheostomy after intubation was often performed late period. In addition, the survey suggested that additional personnel and training programs are needed to supplement the knowledge of ICU caregivers.

Characteristics of patients receiving mechanical ventilation
------------------------------------------------------------

Among the patients with acute respiratory failure, the proportion of ARDS was similar in comparison to other reports ([@B15], [@B16]). However, pneumonia ccounted for 37% of the ventilated patients in this study. This is high proportion of patients, compared with 13% of pneumonia cases reported in the U.S.A. and 18% reported in Spain ([@B4]). It is possible that heavy consumption of cigarettes and alcohol in Korea contributes to the high occurrence of pneumonia. However, this study did not examine patient histories for evidence of alcohol and tobacco use. Among the subgroups of acute exacerbations of chronic respiratory failure, it is noteworthy that TDL was one of the common reasons for receiving mechanical ventilation. The prevalence of tuberculosis in Korea is 0.5%, which is higher than the prevalence in Westernized countries, while the mortality from tuberculosis is 6.6 people per 100,000. Therefore, TDL should be considered an important reason for mechanical ventilation in patients with CRF in an area with a high prevalence of tuberculosis.

Airway
------

Previous studies have found that the incidence of tracheostomy varies according to patients\' underlying medical conditions ([@B4]-[@B6]). The results of our study do not support this observation. While underlying conditions or APACHE scores were similar to previous reports ([@B4]), the mean time before tracheostomy (16.9 days) was longer than that observed in North America (12 days) and Spain (11 days) ([@B17]). Furthermore, nasotracheal intubation was used in only 1% of cases, whereas this procedure is used in 5% of cases in North America and in 16% of cases in Portugal ([@B4]). We hypothesize that cultural differences could contribute to the delay in tracheostomies in Korea, which would explain why no differences were observed in the incidence of tracheostomies relative to the underlying medical conditions. Further studies of airway management and outcomes in Korean ICUs are needed.

Only two centers (4% of the mechanical ventilation mode) used NIV in this study, possibly because NIV requires trained physicians, nurses, respiratory therapists, and specific equipment. Utilization of NIV varied among hospitals, suggesting that more education on the utility and methodology of NIV is needed ([@B18]).

Ventilator settings
-------------------

Although the results of this study showed that VCV was the most commonly used mode in the ICU, the use of pressure modes (PCV or PSV) was similar to the use of volume modes (VCV or SIMV). Ventilator modes were applied differently by each center (data not shown) and the use of several new ventilator modes seems limited. Future studies should follow up on these results.

The tidal volume in the ventilated patients was 8.1±2.1 mL/kg of PBW. Baseline characteristics appeared to vary according to disease groups, and ICU doctors applied different tidal volumes and PEEP according to disease groups. This suggests that physicians are aware of ventilator-induced lung injury and are making an effort to adjust the PEEP levels depending on the cause of respiratory failure.

Survey
------

In terms of manpower, there were both quantitative and qualitative problems involved in caring for ICU patients. Previous studies have shown that the presence of intensivists reduces mortality and improves outcome in ICUs ([@B9]-[@B12]). However, only 29% of patients in this study were treated by intensivists. About half of the ICU caregivers desired further training in regard to caring for ICU patients. The study also detected qualitative problems, such as a lack of cooperation from surgeons, limited access to portable chest radiography machines, and limited access to ABG machines in the ICU. However, the availability of instruments such as ventilators and monitors did not appear to interfere with the ability of ICU staff to care for patients.

A potential limitation of this study was that the ICUs were not selected randomly. Identification of the ICUs and their voluntary participation may have introduced a selection bias, as it cannot be assumed that the participating ICUs are entirely representative of Korean medical centers. However, our study included large, university-affiliated hospitals from different provinces in an attempt to obtain an accurate representation. Furthermore, because only a few SICU were examined, postoperative patients made up 11% of the total study population. The questions in this survey were general, so further research is needed to address specific questions and thereby improve the quality of critical care. Finally, the authors were unable to visit each medical center and relied upon the ICU staff members to provide accurate feedback.

In conclusion, the results of this study suggest that TDL is a common indication for mechanical ventilation in acute exacerbation of chronic respiratory failure, that further studies are needed to address current problems in airway management, and that ICU doctors and nurses desire more staff and additional training in the field of critical care medicine.
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ICUs, intensive care units; MV, mechanical ventilation.
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ICUs, intensive care units; ARDS, acute respiratory distress syndrome.
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Data are expressed in mean±standard deviation.

^\*^,Days from intubation to tracheostomy; ^†^,*p*\<0.05 compared with the coma group; ^‡^,*p*\<0.05 compared with the ARF group.

MV, mechanical ventilation; CRF, acute exacerbation of chronic respiratory failure; ARF, acute respiratory failure; PBW, predicted body weight; PEEP, positive end-expiratory pressure.
